In other words, is the deletion of nucleic acid catabolic enzymes a conditio sine qua non for cancer or is it promoting cancerous growth? In the latter case some measure of correlation between the particular enzyme profiles and the growth rate of the tumours, or more generally, the stage of tumour progression (Weinhouse, 1960) might exist. Some evidence of such a correlation in regard to thymine catabolism was obtained .
Since for the elucidation of these highly interesting questions the study of as many hepatomas as possible is called for, Dr. Potter encouraged us to test some of the hepatomas kept in our laboratory for the above enzymes, and kindly provided us with the necessary information before the publication of the papers referred to above. The present paper is concerned with the results of these studies, carried out on three mouse and four rat hepatomas of which other metabolic properties had been (Emmelot et al., 1959) or were being investigated at that time.
MATERIALS AND METHODS
Tumours. The mouse hepatomas T 28012 and T 26473 were of spontaneous origin and transplanted subcutaneously on (C57 Black X DBA)F1 and (020 X DBA)F1 mice, respectively. Mouse hepatoma CBA 244 had been induced by feeding o-aminoazotoluene to a female CBA mouse and was subsequently carried by animals of the same strain. The former two tumours had been transplanted during more than 5 years, the latter tumour was studied in its 11th and 12th transplant generation.
The rat hepatomas had been induced by feeding 4-dimethylaminoazobenzene to female rats of the inbred strain R-Amsterdam, maintained on a polished rice diet. The tumours were transferred intraperitoneally in rats of the same strain. Transplant generations tested for enzyme activity were in the case of hepatoma BY 225: 98, 101 and 102; BY 446: 11, 13, 17, 20, 22 and 26; BY 448: 9, 10, 11 and 20; and BY 463: 3, 4 and 7. The transplants of hepatomas BY 225, BY 446 and BY 448 were harvested 6-8, 9-12, and 10-12 days after inoculation, respectively. The transplants of hepatoma BY 463 were grown from 3 to 5 weeks, depending on the transplant generation. The hepatomas were studied histologically using conventional techniques (Emmelot et al., 1959) ; hepatoma BY 225 has been described previously (Emmelot et al., 1959) .
Rat hepatoma B Y 446.-The primary hepatoma was mainly of the adeno type; the possibility might exist that part of this structure was due to lymphatic cysts which caused the surrounding tumour cells to attain an adenomatous appearance. Transplant generation 1 : mixed adeno-solid hepatoma; transplant generations 2-20: solid hepatomas containing cysts, the latter gradually disappearing so that a more uniform structure ensued; transplant generation 20: exclusively solid hepatoma, a few cysts; transplant generations 22-26: as 20, in one transplant of generation 26 more polymorphy and mitoses than in the others; compare: Fig. 1 Rat hepatoma BY 463.-The primary tumour was the only one studied in the present series which was almost exclusively of the solid type. Some cysts, slight haemopoiesis and hyaline bodies were present. Upon transplantation no change in the overall structure occurred, a slight haemopoietic reaction was observed in the transplants but the hyaline bodies disappeared; compare: Fig. 11 and 12 .
Enzymic determinations.-Enzyme activities were studied in 105,000 x g supernatants prepared according to Pitot and Potter (1960) and Potter et al. (1960) . Deoxycytidylate deaminase activity was determined according to Maley and Maley (1959) and Pitot and Potter (1960) . [2-14C] Thymine breakdown was studied using the system of Canellakis (1958) as modified by Potter et al. (1960) . Enzyme activities were expressed in units, one unit standing for 1 ,umole of deoxyuridylic acid formed or [2-14C] thymine disappeared/amount of supernatant derived from 1 g. of fresh tissue/60 minutes at 370 C. The data listed in parentheses in Table II have been expressed per mg. of nitrogen of the soluble fraction. Table I shows that the dCMP deaminase was completely missing from normal adult mouse liver and from the three transplanted mouse hepatomas selected for the present study. Two of the hepatomas, T 28012 and T 26473, showed negligible It is of interest to compare the latter data with the histology of the hepatomas. The histological classification has been made in purely descriptive terms, the predicates solid (hepatocellular -parenchymous) or adenomatous (cholangiocellular) have been coined from analogy with the normal situation but do not necessarily refer to the cell origin of the hepatomas as stated in parentheses. This limitation is, of course, inherent to the histological discipline. This being so, it might not be astonishing to find a complete lack of correspondence between the histological classification and the dCMP deaminase levels of the hepatomas if the latter enzyme were to be a reliable marker for the cell origin of the tumours. A correspondence between the two sets of data, however, is by no means to be excluded on a priori grounds.
RESULTS
Two of the hepatomas, BY 225 and BY 463, both of an exclusively solid type, possessed high levels of dCMP deaminase activity, like those reported by Pitot and Potter (1960) for the Novikoff hepatoma; one of these, BY 225, had been transplanted for many generations but the transplants of the BY 463 hepatoma had been carried through a few generations only. The description of these hepatomas as solid apparently does not imply that they were derived from parenchymal cells, since their enzyme levels were at variance with this assumption. Incidentally, neither do these results allow the enzyme levels to be correlated with the number of transplant generations through which the hepatomas had been carried, that is, with their growth rate which may be considered as an aspect of the actual stage of tumour progression.
Hepatomas BY 446 and BY 448, both also of the solid type, showed various levels of dCMP deaminase activity according to the number of generations through which they had been transplanted (Table II) . The enzymic activities found in the (Table II) , whereas only a moderate increase in enzymic activity was observed with hepatoma BY 448 (Table II) . The histological appearance of the various transplants used for the present enzymic determinations did not suggest that changes in the cells populations had occurred in respect to the relative contribution of adeno, dCMP deaminase positive, type of cells.
DISCUSSION

Mouse hepatomas
The classification of hepatomas as solid and of parenchymal origin is less subject to criticism as to the non-equivalence of these terms in the case of the mouse than in that of the rat. The absence of any dCMP deaminase activity from all three mouse hepatomas studied by us is in accord with what one may expect it to be if the enzyme is confined to bile duct cells.
As regards the thymine catabolizing enzymes, it is of interest that the hepatomas T 26473 and T 28012 take nearly four weeks to reach full size, whereas hepatoma CBA 244 takes five weeks to do so. The finding that the latter hepatomn showed thymine catabolic activity whereas the two former did not, does not, therefore, contradict the concept (Potter, 1958 Potter et al., 1960) that correlates the deletion of non-essential enzymes with the growth rate of the tumour. It should, however, be pointed out that this correlation does niot necessarily indicate that an increased growth rate is the result of the deletion of these enzymes which are non-essential for cell division. The deletion might be part of a more complicated pattern of change, or even constitute merely a secondary symptom accompanying tumour progression, without being in the slightest sense responsible for the increase in malignancy. In this respect it remains of the greatest interest to ascertain to what extent the enzymes concerned with the catabolism of nucleic acid precursors do actually constitute a growth-regulator in normal tissue (Canellakis, Jaffe, Mantsavinos and Krakow, 1959 ; Hiatt and Bojarski, 1960) .
Rat hepatoknas
The results reported in Tables I and II allow the conclusion that no correlation between the histological data and the dCMP deaminase activities of the rat hepatomas can be established. Obviously, then, at least one of these two means of classification cannot be regarded as a reliable measure for the cell origin of the hepatomas. Either bile duct tumour cells grow in a solid pattern anid are adenomiatous structures in the hepatoma not equivalent, that is to say related, to similar histological structures in the normal liver, or else the dCMP deaminase activity is not an exclusive property of bile duct and tumour cells derived therefrom, while the enzyme might also be subject to adaptive or mutational events. Since the histological aspect can only be presented in descriptive terms which cannot be translated into direct relationships between the (normal and cancer) cells, whereas the enzymic data do reflect the functional aspects of the cell types, the latter are to be preferred as a criterion for the cell origin of the hepatomas, provided that certain conditions are satisfied. In the remaining part of this discussion we will be concerned with the latter question which, in our opinion, cannot as yet be answered in a positive sense.
The evidence that the dCMP deaminase is a genuine property of bile duct cells is only indirect and stems from the finding that feeding with a carcinogenic azo dye leads to positive dCMP deaminase activity in the liver . However, apart from the induction of bile duct cell proliferation, the latter treatment also affects the parenchymal cells of the liver (Chang, Spain and Griffin, 1958; Porter and Bruni, 1959) .
The finding of Pitot and Potter (1960) that embryonic liver does possess dCMP deaminase activity in contrast to the fully differentiated liver, consisting mainly of mature parenchymal cells, does not necessarily indicate that in the latter case the genetic information for the enzyme has been lost from the parenchymal cells. If only its cytoplasmic expression were to be suppressed as a result of the particular feed-back mechanisms operating in the normal adult liver, the potential information might be released again on the initiation of a new cytoplasmic state of metabolism accompanying the " mutational " conversion of a parenchymal cell to a tumour cell.
Such a phenomenon of physiological adaptation (or " modulation " at the enzymic level) might also come into operation at some time during the natural 12 history of liver tumour cells, either of parenchymal (enzyme: absent -* present) or of bile duct cell (present --> absent) origin, through an adaptation to progression.
A similar situation would exist if hepatoma cells were to be derived from the cells of a (hypothetical) stem layer in the adult liver, possessing the ability to differentiate to either one of the two cell types, and if such tumour cells retained at least partly, the latter capacity, while the actual expression of the specific properties might be subject to " modulation ". Thus, changes, perhaps of a partly reversible nature, might occur in the enzymology (and morphology) of liver tumour cells which one diagnoses arbitrarily as being either of parenchymal or of bile duct cell origin.
However, if the latter views are dismissed and the dCMP deaminase activity is regarded as a permanent property of bile duct, and not of parenchymal cells, and of the tumour cells derived therefrom, the absence of the enzyme in a hepatoma may still be due to a random mutation by loss in a bile duct tumour cell followed by selection. Changes in activity might be due to partial selection of new or pre-existing variants.
Since the specific activity of the enzyme per normal or cancerous bile duct cell is not known, positive dCMP deaminase activity in a hepatoma leaves one in doubt as to the presence of a mixed population of cells. Some tumour cells of bile duct origin with a " high " specific activity or many such cells with a " low " specific activity may be present, and this might vary from one hepatoma to another.
In the absence of further evidence, positive dCMP deaminase activity in a hepatoma, therefore, merely indicates that an unknown number of tumour cells of bile duct origin (if not of a pseudo bile duct type due to " modulation ") are present among a population of other tumour cells which are of parenchymal origin or of bile duct origin after having " lost " the enzyme. Even this conclusion may be complicated by the unknown dCMP deaminase activity of the stroma of the tumour. Histochemical methods may help to solve some of these problems. Such studies are being carried out at present (Willighagen and Planteydt, 1959) , and it is hoped to publish the results in forthcoming papers together with electron microscopical observations and further biochemical features of the four rat hepatomas.
SUMMARY
Enzyme assays for deoxycytidylate deaminase and thymine catabolism were carried out on the soluble fractions from three transplanted mouse and four transplanted rat hepatomas. None of the mouse hepatomas, nor mouse liver, contained any deoxycytidylate deaminase activity but one of the mouse hepatomas, possessing a somewhat slower growth rate than the two others, was about half as active as normal mouse liver in converting carbon atom 2 of thymine to CO2.
Normal rat liver was twice as active as normal mouse liver in the latter respect, but the rat hepatomas showed very little, if any, activity. Thymine catabolism in relation to tumour progression is briefly discussed.
The four rat hepatomas carried moderate to high levels of deoxycytidylate deaminase activity. With one hepatoma marked variations were noted according to the number of generations through which the transplants had been carried. No correlation between the histology of the four hepatomas, which were predominantly of the solid type, and enzyme levels could be established. Though, generally speaking, a functional classification of the rat hepatomas based on enzyme profiles should be preferred to a histological one which can be presented only in descriptive terms and does not necessarily refer to the cell origin of the hepatomas, the former procedure is beset with many difficulties. The latter are discussed and the conclusion is drawn that the deoxycytidylate deaminase cannot, as yet, be considered as a proper parameter of the cell origin of rat hepatomas.
